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T H E  CAN A H  RE P L A N T  .
Habitat, Name, Description.— Canaigre (Rumex hymenosepalus) is, 
roughly speaking, native to that region known by some botanists as 
the arid Lower Sonoran l i f e  zone. This is an irregular area which 
proceeds northward from the highlands o f  the interior of  Mexico, 
covers the northern and northwestern portions of that country, and 
in the United States extends from Oklahoma and Central Texas west­
ward across Southern New Mexico and Arizona, includes the south­
western corner of Utah, the southern third of Nevada, and a l l  of 
Southern California except the mountains, then finally sends its 
arms up the San Joaquin and Sacramento Valleys, and down the pen­
insula of  Lower California. This vast region is ,  in the main, re­
markable for its exceedingly dry climate, its hot summers, and its  
long, mild winter season. Consequently, it  possesses many peculiar 
forms of animal and vegetable l i f e ,  of which canaigre is one.
"Canaigre” is the American corruption of the Spanish "cana 
agria" (sour cane) by which the plant is chiefly known in Mexico.
It is also called "yerba Colorado" (red root) by the Mexicans. In 
other l o c a l i t i e s  canaigre seems to have various popular names such 
as "tanner’ s dock", "red dock” , and "wild rhubarb".
Popularly, canaigre is described as resembling many of  the 
common docks. The broad, smooth, light green, usually wavy margin­
ed leaves, spreading at the surface of the ground, often attain a
length of twenty inches, including the strong succulent stalks 
which support them, and which in shape somewhat resemble the stems 
of common pieplant. The stout, somewhat leafy, and compoundly 
branching blossom stalk of the mature plant sometimes attains a 
height of more than three feet, usually, however, much less than 
that. The seeds, often more than a thousand in number, are sup­
ported in small clusters on slender pedicels along the branches of 
the flower panicles. Each flower or seed is surrounded by three 
heart-shaped or ovate leafy bracts about half an inch long. These 
bracts, rising near the summit of the pedicels, touch loosely at 
thei ’* edges and surround and enclose the flowers and seeds. They 
are usually pinkish or sometimes strongly red, while the lower 
parts of leaf  and blossom stalks and the midribs and margins of 
leaves are commonly tinged with the same color. The seed proper 
is dark brown when ripe, about one fourth of an inch long, three 
cornered, and resembles small buckwheat in general appearance.
Canaigre is chiefly remarkable for its  tuberous roots, varying 
under different conditions of growth from almost globular to long 
and slender forms. Outside of these the root system is not exten­
sive, being distinctly smaller than that of beets or potatoes. (See 
Plate 1). The slender roots, usually prolongat ions of the thicker 
ones, attain a length of 30 inches or more. The tuberous roots 
range in weight from a fraction of an ounce to two pounds. Exter-
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nally the latter are light in color when young, changing to brown, 
reddish brown or almost black with age. They live several years, 
usually five or more, but show very l i t t l e  new growth after about 
the third season. The root increases after the manner of all exog­
enous stems by adding a layer of new tissue to the heart from with­
out and to the bark from within. At the end o f  the growing season 
the white zone of new growth may always be found in living roots 
between ba^k and heart, and since the tissues tend to deepen in 
color from year to year, the older portions of the root, consisting 
of the inner heart and the outside layers of bark are usually most 
strongly colored. Oftentimes the gradations of  color in successive 
rings of  growth are so strongly marked that the age of a root is 
roughly shown by its c~oss section.
The britt le ,  heavy bark, often a quarter of an inch in thick­
ness, is externally quite smooth in young roots, with occasional 
scars marking the points of  attachment of small rootlets during the 
period of growth. The old roots are rougher, often shaggy and deep­
ly cracked as the result of rapid growth. The growing buds are at 
the crown of the root and are sometimes also borne on the fleshy 
base of the stems, which occasionally do not die but persist, seem­
ingly in order to bring the buds nearer to the surface when the 
roots have been too deeply buried. In young roots the buds are 
conspicuous and prompt to grow but small and sluggish in old ones.
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The roots, usually eredt in position, appear normally at less 
than one foot below the surface. Their depth, however, seems in 
some degree dependent upon climate. It is stated by diggers that 
in the Indian Territory in loca lit ies  where there is occasionally 
severe freezing weather, the roots lie so deeply in the ground that 
they cannot be profitably dug. The clusters, containing roots of 
every size and age, vary much in arrangement. Usually the new 
oots surround the mothers making a cluster in which the old growth 
is centrally placed. Oftentimes the new roots happen to form on 
one side of the old one and, continuing in that direction make a 
chain of  roots connected at their crowns and in which the old 
growth is at one end, the new at the other. Increasing in this man­
ner, the number of living roots in a single colony is sometimes 
very large. A thrifty h i l l  dug in a sandy wash near Tucson recent­
ly yielded 91 roots weighing about 8 pounds, while a cultivated 
h i l l ,  three years old, from Phoenix, gave 87 roots weighing 17.5 
pounds.
As they grow older, the roots become more and more dormant, 
showing less tendency to throw up shoots o f  their own, but main­
taining a feeble v ita l i ty  through their connection with younger 
roots. In Nature, the old roots seem to serve as a safeguard 
against extermination, being less easily affected by adverse con­
ditions. They also seem to be concerned in the work of seed pro-
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duction since it appears, other things equal, that good seed stalks 
are associated with strong old roots. Seedling roots do not pro­
duce seed during their f ir s t  year of growth.
The seeds, especially in arid situations, are largely infer­
t i l e .  Near Tucson, wild seedlings have not been observed, though 
said to be common in certain moist lo ca l i t ies  of New Mexico and 
California. In one trial of mixed wild and cultivated seed, two 
years old, sown in dr ills  one half inch deep, nine per cent came up 
In Nature, canaigre is spread by occasional seed germination and by 
accidental scattering of roots, but is maintained in place by its 
peculiar root system.
Conditions of Growth.— The best conditions for the growth of 
canaigre are a cool but not freezing climate, abundant moisture, a 
sandy, ferti le  so i l ,  and probably, also, a sunny and arid atmos­
phere. These conditions are nowhere combined more perfectly or for 
a longer period o f  the year than during the six or seven cooler 
months in the arid Southwest.
The relation of heat and moisture to the growth of canaigre is 
shown by the accompanying table giving temperatures (in degrees F.) 
and rainfall for one year at Tucson, Arizona, together with the 
condition of the growing plant at the same time.
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T A B L E  1.
Relation of Heat and Rainfall to Growth of Canaigre.
1895-96. Temperature.
Inches
of Condition of Canaigre.
Max. Min. Mean Rain
May 101.5 47.0 74.7 .09 Tops of plants died back by 
May 25th.
June 107.9 45.4 81.1 .03 Roots inert. •
July 106.5 63.0 86.1 .11 Roots inert.
Rains in August caused roots
August 106.0 61.3 82.8 4.48 to sprout, but they did not 
continue to grow.
September 107.0 50.5 80.8 .75 Sprouted roots did not con­
tinue to grow.
October 92.6 38.5 68.8 . 68 Plants began to grow vigorous­
ly under influence of cool 
weathe r .
November 83.1 27.1 53.5 4.30 Plants grew rapidly.
December. 85.4 13.9 46.9 .08 Plants grew rapidly and new 
roots began to form.
January 89.4 23.3 5 6 .6 .53 New roots increased rapidly.
February 83.3 25.7 56.6 .08 New roots increased rapidly, 
blossom stalks appeared.
March 94.1 27.0 61.2 .27 New roots increased, plants 
blossomed and set seed.
April 93.0 31.0 63.7 .12 Leaves began to die at end of 
month. Some second growth was 
observe d.
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This table shows that a mean temperature of about 70 degrees 
is required for the growth of canaigre. Above this, even though 
there be abundant rain, as was the case in August, the roots will 
not do more than sprout feebly, and various attempts to make them 
gr-ow in warm weather have failed. This seems to limit canaigre to 
the Southwest, for nowhere else, excepting possibly in some South­
ern States is there so long a period of mild weather. It has been 
grown experimentally in Florida v/ith some success, but in the North­
ern States the interval between the severe cold of winter and the 
extreme heat o  ^ summer is too short to allow of much root develop­
ment. The sprouting of the roots in August under the influence of 
rain suggests that in the culture of canaigre one or two summer i r ­
rigations would prepare the plant to grow more promptly on the ad­
vent of cool weather.
The growing plant will stand a good deal of cold. When frost­
ed the leaves lie  blackened and prostrate upon the ground, but im­
mediately recover when thawed out by the sun. The roots also will 
endure freezing. In experiments made under the writer's direction 
at Deming, N.M., roots which had been frozen so hard as to split  
them, were thawed both in the air and in cold water, and then plant­
ed. At last accounts a large percentage of these roots were grow­
ing. Also, canaigre has been l e f t  in the ground all  winter sixty 
miles north of New York City "subjected to a temperature as low as 
15 degrees below zero, wit hout^ injury". At Lincoln, Nebraska, the
roots stood a very severe winter "without any damage whatever". At 
Peoria, I l l ino is ,  plantings made in 1892 were s t i l l  alive in 1895, 
and similar results are noted at Y/ashington* D.C., and Garien City, 
Kansas. The new root development, however, is stated in a number 
of cases to be insignificant tinder such conditions. #
As to loca l ity ,  canaigre is found most commonly in sandy wash­
es where water is more abundant. Y/ith irrigation it will make a 
good growth in any f e r t i l e ,  t i l lable  ground, but the influence of 
soil conditions on actual production has been l i t t l e  studied. It 
seems to stand considerable alkali and is even reported in the salt 
grass meadows of Tia Juana Valley near San Diego, California.
Insect Enemies and Diseases.!-- Canaigre is not without its in­
sect enemies. The canaigre beetle (Gastroides cyanea, Welsh, /ar. 
caesia, Rog.) and its larva feed upon canaigre leaves. Its eggs 
look like those of the potato beetle. Its larva, with black head 
and dark body, is about one quarter of  an inch long and the greenish 
or very dark mature insect is only one twelfth oi an inch in length. 
The ravages of this insect are sometimes very considerable. In 1896 
the wild growth was badly riddled in some loca lit ies  near Tucson.
The amount of injury to cultivated crops which this insect may do, 
can not be stated at present. The root is eaten by at least two 
g**ubs, as yet unnamed. One of them is the inch long larva of a 
5r Through correspondence^ ‘ '
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Lamellicorn beetle, the other resembles that of a June beetle. #
The weight of a wild c "op is often much increased by the sand which 
gets into the holes eaten out by the grubs, but their operations 
are usually not extensive.
The writer has also observed a very few roots covered with a 
white fungous growth and affected with a kind of bleeding rot near 
the crown. On the whole, canaigre is remarkably free from insect 
and other enemies.
CANAIGRE TANNING MATERIALS.
Chemical Composition of  Roots.-- The methods employed by the 
v.rriter in making a complete proximate analysis of canaigre are es­
sentially those of Dragendorff modified to suit the case in hand. 
The extract obtained by each successive solvent was quantitatively 
separated into its p^oximntes, where possible, and these proxirrfites 
identif ied .
Owing to the occlusion of tannins by cellulose, f i l t e r  papers
were in all cases replaced by prepared asbestos. For the exar.-ina-
tion a large sample of wild roots was dug near Tucson and separated
into old roots, varying from three to seven years,(1510) and
young roots, from one to three years, (No.1511). The old roots
were deep red in color and o f  the larger sizes; the young roots
were nearly white and smaller. They were a l l  carefully freed - rom
the rough outer cuticle , thinly sliced, dried at 550C,_j r^ound_,—aad_ 
« I am indebted to Professor J.W. Tourney, of the Station, for 
criticisms under this head. - 9-
put through a 100 mesh sieve.
The analysis of  1510 was completed; that of 1511 carried far 
enough to explain differences of color between old and young roots. 
The prepared samples contained - -
1510 1511
water 10.03# 9.07#
ash 3.28 3.50
nitro gen 1.02 1.50
Ten grams were put in a Sohxlet extractor with asbestos fe l t ,  
previously boiled in Hcl, in the bottom.
Petroleum Ether Extraction.— The samples were continuously 
percolated eighteen hours with petroleum either boiling at 40° - 
60°, the solvent recovered, and the residues dried at 105°.
1510 1511
Obtained-------  .19# ....................  .14#
Twenty-five grams were similarly extracted in order to obtain 
a larger amount of extract for examination. The solvent being 
evaporated at a gentle heat a residue of yellowish oily  appearing 
globules was obtained. When dissolved in petroleum ether and evap­
orated on blue paper this residue le ft  a uniform permanent spot. 
Residue was slowly soluble in alcohol and did not change on exposure 
to a ir .  When saponified with NaOH and the soap treated with Hcl, 
a minute amount, supposably of fat acid was recovered but too small
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for examination.
The globules o f  this residue were of a truly fatty character.
In 1511 the residue also contained numerous radiated clusters 
of yellowish pointed crystals. These crystals were soluble in ben­
zol, gave a red solution with NaOH, and turned red with BafOH) .^
They were probably chrysophanic acid, previously observed by Voelc- 
ker in 1876.
Sulphuric Ether Extraction.-- The sample was next percolated 
continuously eighteen hours with absolute ether, solvent recovered, 
and residue dried at 105°C.
1510 1511
Obtained----------  .22% --- --------  .13^
The parallel extraction from twenty-five grams, dried over 
H2SO4 * was yellowish and waxy in appearance, and burned with a smoky 
flame like resins. Part of the residue was soluble in water, the 
solution giving green ppt.with Peclg a white ppt. with gelatin, and 
a red color with KOH. It was tannin dissolved because of water 
in the sample. The insoluble portion swelled up and whitened by 
twenty hours contact with water, dissolved in alcohol, and reprecip­
itated by addition of water. This portion of the extract was proba­
bly trxily resinous in character.
Alcoholic Extraction.-- The residues were next slowly percolat­
ed for ten days up to 500 c .c .  with cold absolute alcohol. The al-
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cohol was boiled off  in vacuo at 35°- 40° C, the residues thorough­
ly dried over sulphuric acid, taken up with water, and made up to 
500 c .c .
The entire residue was soluble in small amounts of water but 
a portion was reprecipitated on dilution, showing this portion to 
be more soluble in tannic acid solution than in water. This resi­
due is amorphous, brownish-red from old roots, of lighter color free 
young ones, soluble in alcohol, and entirely soluble in 2 per cent 
anmonia to a cherry red solution.
It probably consists of a mixture of the anhydrides of tannic 
acid usually found associated with tannin of the kind found in 
canaigre. ,
The f iltered solution was examined for tannic acid, albumin­
oids, alkaloids, sugars, and organic acids.
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Summary of Alcoholic Extraction.
No. 1510.
Total organic By Lowentha Method 11.31$
extract-- 21 . 66$ " hide powder " 13.03
containing ash 
trace
Nitrogen —  .05 Soluble in dilute
solution (500 c.c) 
- - -  15.25$
Tannins
"ppt.n.w. Pb(C2H3O2 )2 - ­
11.88
" w " Cn(02H302)2 
11.82
(1511 - 8.7$)
Sugars Reducing — •- 3.40 
saccharose---- .08
15.25
Insoluble 
anhydrides 6.41
Totals - - - - - -  15.36
Totals - 21.66 21.66
•
•
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The minute amount o f  nitrogen present excludes considerable 
amounts of albuminoids and alkaloids. The latter ,  also, could not 
be obtained in appreciable quantity when a water solution was pptd. 
with gelatin and extracted with ether. The close correspondence 
between the amounts of organic matter precipitated by lead and cop­
per acetates excludes organic acids, which are thrown down by lead 
acetate but not by copper acetate. The sugars are almost entirely 
reducing in character and are calculated as dextrose and saccharose.
Character of  the Tannin.-- A water extract of canaigre was 
freed from coloring matter with a small amount of basic lead ace­
tate and f i l tered .  The clear solution gave —
With gelatin - - - - - - - - - - - a  white precipitate.
" ferric chloride - - -  - -  - -  a green precipitate.
" lime water - - - a reddish brown ppt., turning darker.
*
" bromine water - - - - - - - - a  yellow ppt.
When heated three hours in a closed tube with two and one half 
per cent Hcl the clear solution yielded an abundant, amorphous red 
prec ipitate.
These reactions class canaigre tannin with the oak-tannins as 
distinguished from the gall tannins which give a blue precipitate 
wfi th ferric chloride, a brown precipitate, turning blue, with lime 
water, no precipitate with bromine water, and no amorphous red
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precipitate when digested with Hcl.
Water Extraction.-- After the alcoholic extraction the resi­
dues were percolated at 50° C. with 500 c .c .  of water. The f i r s t  
percolate was clear but became turbid from reprecipitation when 
diluted. These insolubles were of the same apparent character as 
those obtained from the alcohol soluble portion. The clear red 
f i l trate  was examined for tannins, sugars, albuminoids, mucilage, 
etc.
Summary of Water Extraction.
No.1510.
Organic Extract 
32.28#
Containing - 
Nitrogen - . 6#
Solubles in 
dilute solution
Tannins.
By hide powder - 20.57#
" Pb(C2H3O2) 2 - * 21.54# 
"Cu(C2H302) 2 - -20.44 - -
Ash estracted - 
2.17#
(500 c .a )28.81#
Suga rs as dextrose - - - - 7.48
28.81 ------- T o t a l s -----------------  29.02
Insolubles 3.47
Totals 32.28 ----------  32.28
In the case of the water extract the tannins are greater with 
lead acetate than hide powder. This is probably due to coagula­
tion of albuminoids by lead acetate. The .6  per cent of nitrogen 
found indicates a possible 3.75# of albuminoids which, however,
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could not be precipitated from aqueous solution by alcohol. Only 
a trace of mucilaginous matter was detected.
Alkaline Extraction.— The residues from water extraction were 
digested cold with 250 c .c .  of rb .1 l / ' l  $ NaOh and filtered. 
Treatment was repeated on the residue and f i ltrates  ntide up to 
500 c .c .  50 c .c .  of the cherry red f i l t ra te ,  acidified with acetic 
acid and diluted with 5 vols of alcohol gave - ­
gums - - - - - - - - -  - _ _ _  2.13$
The f i ltrate  from above, evaporated, gave an insoluble red 
residue of phlobaphanes or tannic anhydrides. The remainder of 
the extract, consisting or organic matter and ash, included some 
tannin as shown by the precipitate with gelatine, and the red al­
kaline solution.
Phlobaphenes - - -  - -  - -  - 2.37$
Other extractives - - - - -  5.74$.
Hydrochloric acid extraction.— The residue from the alkaline 
extraction was next digested with 150 c . c .  of  l /2  per cent Hcl 
until the iodine-starch reaction disappeared. The filtrate  was 
made up to 500 c . c .  50 c . c .  neutralized by NH3 gave a precipitate 
o f ----
Gums - - -  - -  - -  - -  - -  - -  - -  - -  . 68$
Ca oxalate - - - (after ignition) - - - .64$.
The sugars in another aliquot calculated to
Starch ---------- ------------ ---------------- - - - 10/71$
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The residue from the acid digestion was dried at 110° C, 
weighed, ignited and weighed for loss as
Lignose and Cellulose - - - - - - - - -
Total Surrmary.
Moisture - - - - -  - - - - - - - ­
Ash - - - ­
Albuminoids (N X 6 1/ 4 ) .................
Pats and o ils  (by petroleum ether)
Resinous material - - - - - - - - - - - ­
Red insolubles (extd. by alcohol ) - 6.41
" (extd. by water ) 3.47
" (extd. by 1 1 /4  NaOh) 2.37
Tannins (by alcohol) - - - - - - -  -11.88
" (by water) - - - - - - - -  21.54
Sugars - -  by alcohol - - - -  - - - - 3 . 4 8
w - -  by water - - - - - - - - - 7.48 
Pectins (from NaOh solution) - - - - 2.13 
Gums (from Hcl digestion) - - - - - . 68
Other extractives by NaOH (partly tannins) 
Ca oxalate - - -  - -  - -  - -  - -  - -  - -  -
1510 1511
10.03^ - - 9.07^
3.28 - - 3.50
6.37 - - 9.37
.19 - - .14
.22 - - .13
.93
12.25
33.42
10.96
2.81 
5.74 
. 64
Starch - - ------- --- - -10.71
Lignose and cellulose - -  - - - - - -  - - - - - -11 .20
107.82
Less albuminoids twice included - - - - - - - - -  6.37
101.45
CpO of oxalate twice reckoned, - - -  - -  - -  - -  - .28
101.17
CO2 of ash twice reckoned, - - - - - - - - - - - -  .50
Net - - - - -  100.67
Water in green roots - - - - (about) 66 2/ 3^  
Of the proximates mentioned in this table, tannins, the red 
anhydrides, sugars, and, to a lesser extent, resinous matters, 
starch, and soluble ash, a ll  affect the leather making process.
Also, as will be noticed under the discussion of its technolo­
gy, the process o f  extract manufacture is greatly modified by the 
presence of anhydrides and starch.
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Distribution of Tanning Materials.-- Canaigre tanning materials 
by which is meant both tannic acid and those coloring matters which 
are taken up by raw hide, as determined by the hide powder method 
of analysis, are found throughout the plant - in the leaves, blossorr 
stalks, and seeds, but chiefly in the roots, which commonly contain 
from eight to ten per cent in the green state. The distribution of 
these tanning materials throughout the root is not uniform. The 
older parts, consisting of the heart and the outer (unweathered) 
bark, are richest in tanning materials, while the zone of new growth 
formed each year contains distinctly  less. Two samples of wild 
roots divided into bark, heart and new growth gave in dry substance-
1. Bark ----  39.77 per cent. New growth - -  39.74^ Heart - -  43.55^
2 . " ----  39.30 " " " " 38.72 « 43.11
There is usually no marked variation in the amount, contained
in tops and bottoms of roots. In thirteen samples of two year old 
roots taken throughout the summer during the dormant period the top 
halves averaged 26.6 per cent and the bottoms 25.4 per cent of tan­
ning materials. Ten samples of young roots taken in December and 
January at the beginning of the period o f  growth averaged, in tops 
24.86 per cent, in bottoms 25.80 per cent. At other times the 
amounts varied slightly in favor of either tops or bottoms.
Formation of fanning Materials.-- The history of the formation 
of the tanning materials was carefully observed at Tucson during
-18-
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TABLE II.
Chemical L ife H isto iy of Canaigre.
i n  o l d  ROOTS.
Condition of lot.
Sample......
Sprouting..
Up and growing..
Sprouting..............
Up and growing..
Blossoming.
Leaves dying..
Leaves dead.
Plant dormant.
* a<+-i° "
A «  bog 
'£ ba 
£
'd
ba
 ^a
C 02
IN YOUNG ROOTS. IN LEAVES.
.9 «■fl <U 'd .a<U +->ba
820
820
876 
856
877 
907 
897 
963 
936 
972
1016
983
968
980
1014
1055
990
1005
1104
1107
1091
1107
1235
1060
1254
1226
1114
1184
1701
1072
1183
851
1279
1118
1102
1331
1202
%
66.98
68.26
68.42
68.04 
67.06 
66.03 
67.00 
64.85 
66.62 
65.15 
67.53
66.05
10 11 12 13
8gu d£ &
<L> _a .2
14
<u . 
d  u*ga In A
*2 w a <ug*
M
a w 
>03 CGa va"a
15 16
% i % ! % % % % % % %» 25 . 87 ! .................. 15.99
25.77 .................. 16.70
25.16 25.60 16.97
> 26.04 16.85
J 25.36 16.70
1.................. 25.72 25.71 16.56
26.07 16.63
23.35 16.20
1 64.01 24.68 25.38 16.10
25.34 15.49
26.41 47.24
66.32 27.53 26.43 16.10 1....... ......... .........
26.53 17.26
28.30 15.79
68.25 28.28 27.70 15.02 86.3 1.91 36.04
27.30 14.20 84.6 6.41 32.39 6.62 .70
25.56 14.37 81.9 8.84 28.64 6.24 .69
68.88 27 . 0726.64 15.26 80.4 9.05 31.11 5.94 .67
27.77 15.04 77.4 12.53 24.11 5.49 .64
24 . 181 17.00 72.2 16.28 22.79 4.62 .58
67.85 24.34  25.43 15.92 1 69.0 19.21 16.01 20.07 8.15 1.04
..................'25 .65 ................... 16.02 | 69.8 19.01 20.02 9.40 1.27
..................i26 .42 ................... 14.89 1 69.4 21.16 18.62 8T 8 1.29
66.99 26.95 26.34 12.64 ! 69.7 19.28 19.82 17.55 9.62 1.45
25.67 12.32 1 67.0 22 24 17.50 2248 8.13 1.60
26.36 12.62 69.2 21.64 15.10 1190 7.91
67.89 27.91 26.65 12.78 68 . 9 ’ 23.34 22.41 13.58 1236 7.14
26.20 11.86 68.9 21.38 12.97 885
25.07 13.98 68.5 23.67 14.26 5060
67.04 25.59 25.62 11.42 67.8 21.83 22.29 14.23 1224
27.34 12.69 70.1 24.85 14.99 1940
26.29 13.08 69.1 24.39 14.48 1019
66.16 25.69 26.44 13.18 68.4 24.23 24.49 15.04 4065
23.90 11.92 69.7 24.47 16.28 1165
28.05! 12.84 71.6 23.25 16.68 2137
66.24 26.97  26.31 10.46 25.33 24.35 14.59 5063
I 11.28 71.5
■a
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»ts (Col. 5 after Dec. 8th.) 66.5 per cent.
oots after maturity (after April 13, Col. 10) 69.3 per cent
Is in seed roots, 1-2 years old, (Col. 7) 26.19 Per cent.
“ new roots, after maturity (Col. 11, after May nth) 23.38 per cent. 
“ leaves after maturity (Col. 15, April 13 to May 25th) 8.36 per cent.
the season of 1894-95. For this purpose thirty-six lots of twenty- 
five one year old roots each, weighing nearly two pounds per lo t ,  
and as uniform as possible in age and condition, were planted No­
vember 26th, 1894 and kept under close observation for the ensuing 
ten months. The lots were all  grown under as uniform conditions as 
possible, excepting No. 20, 21 and 22, which were irrigated seven 
times as compared with four times for a l l  the others. They were 
dug consecutively each week during the whole growing season and al­
so at intervals throughout the ensuing summer. The old roots, new 
roots, and leaves (when present) of each lot were separated and 
prepared for analysis. The roots were planted too late for a fu l l  
season’ s growth, the soil  was poor, and seed roots sometimes faulty 
but the figures, taken in connection with other results, are sug- 
gcstive; in fact, the irregularities of the lots have in themselves 
led to some interesting observations. The results are shown in 
Table 11, which, in connection with the stage of growth and condi­
tion o f  roots, contains the data for water, tanning materials, and 
non-tanning substances soluble in water, for both old and new roots  ^
during the period from Nov. 26th, 1894 to September 21st, 1895.
The tanning materials of  the leaves are also noticed. As to the in­
crease of tanning materials during the year, it appears in columns 
7 and 8 of Table 13 that they remain pretty constant throughout 
the growing season with, however, a small but distinct increase
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after the plants become established in vigorous growth. The amount 
of this increase in mature roots from year to year was further 
shown by taking four samples of wild roots, comprising every age up 
to about five years, dividing the samples as nearly as possible in­
to successive year's growth, and analyzing. It was found that the 
average increase of tanning materials from year to year in ten in­
stances was 1.64 per cent (in water free material.) In one set o f  
cultivated samples the averages of the f ir s t  and second year's 
roots differed 2.64 per cent. This indicates a small but constant 
increase in the per cent of tanning materials from year to year, 
but holds true only so long as the roots retain their v ita l i ty .
When they die the tanning substances quickly disappear. Although 
the percentage does not increase remarkably from year to year, the 
roots themselves become larger so that the actual amount of tanning 
materials is much greater. For instance, in the above table the 
seed roots of Lot 22, Jun 8th, 1895 contained 140.5 grams of tan­
ning substances as compared with 89.5 grams in the check Lot 43.
This Increase in percentage from year to year makes i t  neces­
sary, in comparing the tanning materials contained in different 
stocks, to take roots of corresponding age. In this way specimens 
may be selected for propagation whose differences are not in part 
due to age. For this purpose roots at the end o f  their f i r s t  grow­
ing season are best, since they can then be distinguished more cer-
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tainly.
Effect of Dormant State.— In the new roots, the increase in 
tanning materials (Columns 11 and 12) is very rapid until the plants 
become dormant in the beginning o f  May. After this time they at 
f irs t  s t i l l  show a slight average increase (Column 12) but f inally 
stand s t i l l  for the rest of  the summer (after June 15th). The old 
roots (Column 8 ) after the beginning of May remain very constant 
in tanning materials. Further observations on the behavior of the 
root during its  dormant state were made by taking five samples of  
new roots, analyzing half of the lots immediately, burying the rest 
in shaded ground for an average period of 4 l /2  months during the 
summer, and then analyzing them also. The five samples immediately 
analyzed averaged 23.19 per cent; those kept through the summer 
averaged 24^ 78 per cent, showing a slight increase in every case, and 
an average increase in a ll  instances of 1.59 per cent. These facts 
are somewhat contradictory but on the whole seem to show a tendency 
to increase of tannins in dormant young roots ,—an observation which 
is said to hold true for other tannin containing roots.
Effect of Sprouting.--During December and January, while the 
plants were getting under way (Columns 7 and 8 ) the tanning mater­
ials remained very constant. According to some investigators, 
sprouting should have no e f fect  upon the actual amount of tanning 
substances in roots containing them, although the percentage may
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sometimes increase because of the withdrawal of starches and sugars 
from the roots at this period of growth.
Effect of Irrigation.--In order to note the e f fect  of extra 
irrigation upon yield and percentage of tanning materials, Lots 20, 
21 and 22 were given about twice as much water as the others. The 
yield of new roots (from Column 14), their average weight, and the 
percentage of  tanning materials for these, and the other plantings 
in Column 14 receiving less water, are as follows:
Average yield 
in grams.
Average weight 
of  roots in 
grams.
Ave rage per 
cent of tanning 
materials.
Three best lots - - 4729 62 24.41
Nine common lots - - 1449 29 23.04
Prom this appears that although the lots grown with abundance 
of water were over three times as heavy as the others, the percent 
of tanning materials was more than maintained. This observation is 
confirmed on a larger scale by comparisons between cultivated roots 
grown at Phoenix and Tucson and the wild stocks from which they 
came. Two large samples of cultivated roots from the Phoenix Sta­
tion, one to three years old, grown on adobe soil  with plenty of 
water most of the time, and with many of the roots weighing a pound 
or more, gave 30.61 and 30.18 per cent of tanning materials. The 
average for nine samples of car load lots of wild stock shipped from
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the sane loca lity ,  was 30.84 per cent. From these car-load lots 
the younger roots had been taken so that 30.84 per cent is really 
too high a figure for the complete crop. Also, the average at Tuc­
son for tame roots, up to two years of age, in stock which has been 
cultivated for four years, is about 25.5 per cent. Two large, 
carefully taken wild samples of the same age and stock gave 25.39 
and 26.56 per cent. In a ll  cases the tame roots average larger than 
the wild ones and, further, analyses of five particularly large cul­
tivated roots, one and two years old, from Phoenix, showed them to 
average 27.5 per cent of tanning materials, which, allowing for less 
age, indicates a fair maintenance of quality. It will also be seen 
in Table II, Columns 11 and 14 after May 11th, that the prosperity 
of individual lots as shown by the yield of new roots has no fixed 
relation to the percentage of tanning materials. These facts, so 
far as they go, show pretty clearly that irrigation, with the con­
sequent increase in the size of roots does not seriously a ffect the 
percentage of  tanning materials.
Nevertheless, there are remarkable variations in the amount of 
tanning materials in the roots from different lo ca l i t ies .  During 
the year we have encountered a range from 18.17 per cent to 32.56 
per cent in new roots. This may be in part due to strains of roots, 
or to local conditions. It is stated by Kraus $  that tannins are
^ Physiologie des gerbstoff 's .
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not produced in the leaves of plants at night or on cloudy days, and 
that even in the same tree more tannins are formed in leaves fully 
exposed to the sun than in those occupying shady positions. It is 
also said to be accepted among European tanners that bark grown on 
soxithern exposures has better tanning power than that coming from 
more shady situations.
In this connection it was noticed that the sample of canaigre 
containing 32.56 per cent of tanning materials came from an arid, 
sandy, southern slope fully exposed to the sun. The stock which 
analyzed 25.39 and 25.56 per cent tanning materials was about the 
same age and from the same locality but was somewhat shaded by 
mesquite and bushy undergrowth. A sample of new roots grown at 
Lake City, Florida, from Arizona and from New Mexico stock, gave 
24.74 per cent tanning materials but the sunshine record of that re­
gion is not obtainable for comparison with that of Arizona. It is ,  
however, not improbable that the tannins of canaigre are practically 
affected by the amount and intensity of sunshine in the locality 
where grown.
In Columns 15 and 16 of  Table II the leaves also are seen to 
contain about one third as much tanning materials by percentage as 
the mature roots. The actual weight o f  the dry leaves is about one 
f i f th  that of the dry root system (8 observations of one year old 
plantings) so that approximately one fifteenth of the tanning rrater-
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ials of the mature one year old plant are contained in its leaves. 
This probably can not be economically extracted, and the large 
amount of ash in the leaves (about 25 per cent) would make it advis­
able to return them to the land.
It has been observed, particularly by Kraus, that in tannin 
producing plants, the leaves are the laboratory where, for the most 
part at least, the tannins are formed under the influence of light, 
and with assimilation of carbon dioxide. Prom there the tannins 
migrate downward into the stems and roots of the plant where they 
are stored in the cellular tissue. In this position they usually 
remain. They are not, in most instances at least, carried up into 
the young shoots of the plant when growth recommences as is the 
case with those carbohydrates which contribute to the formation of 
new tissue. In this respect the tannins of canaigre differ from the 
sugar of beets, which may be partly lost i f  weather conditions in­
duce the ripened beets to recommence growth. After being stored in 
the parenchyma tissue the tannins are liable to show changes which 
result , apparently, in the formation of the red coloring matters 
which are observed in the heart and bark of many plants and trees, 
canaigre among the number.
The tannins are variously supposed to prevent consumption of 
plants by animals, to hinder decay, and to prevent desiccation by 
their hygroscopic nature. The f irst  and third explanations of their
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use serve especially well for canaigre, which grows in an arid re­
gion where forage for herbivorous animals is often extremely scarce, 
and where the plants would be liahle to extermination i f  the roots 
were palatable, or easily dried out.
Coloring Matters.-- The yellow coloring matters extracted by 
petroleum ether, including chrysophanic acid (probably), are not of 
importance in the process of tanning-, being present only in minute 
quantity, more than ,b%  of this extract not having been observed.
The red coloring matters of the root, however, are of impor­
tance because of their abundance and their effect upon the leather 
produced. These substances, which are probably derived from tannin 
by dehydration and oxidation, are most abundant in old, wild roots, 
especially those whose chunky form and small size indicate slow and 
d i f f icu lt  grov/th. In cultivated, and young wild roots, they are 
not apparent in quantity. Appearances are borne out by the figures 
for insolubles in samples 1510 and 1511 noted in the table oi an­
alyses ,- -  the former containing 6.41 per cent soluble in alcohol, 
the latter only .93 per cent.
When recovered from young roots these substances are yellowish, 
but from old ones they are brownish red. When the red alcoholic 
solution of the latter material is diluted it becomes of . the same 
tint as the solution of yellow substance from young roots.
These coloring matters are probably of complex character and
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may be a mixture of different anhydrides and oxidation products of 
canaigre tannin.
The f ir s t  and most easily soluble of the anhydrides would be 
expected in young roots while those formed by the loss of greater 
amounts o f  water would be expected in the older tissues and more 
concentrated juices of aged roots.
In general, red anhydrides are usually found in plants contain­
ing the largest percentages of tannins, as in the case of oak ano. 
hemlock. Their constitution, like that of the tannins from which 
they come, is not well understood and no attempt has as yet been 
made in the case of canaigre reds to go beyond the vague qualita­
tive reactions which seem to relate them with the tannin—anhydi i do 
c lass .
The presence of the red anhydrides will profoundly affect the 
technology of canaigre because the color of the leather produced is 
influenced by them. The tints produced are desirable for certain 
grades of tan dress goods, but are objectionable for the fairer 
grades of sheep and other l ight, soft leather.
The amount and quality of extract secured by leaching the ray 
material will also depend upon the principle employed in leaching.
As noted on page 12 the reds are more soluble in a strong tannic 
acid solution than in a dilute one. It will  therefore be found he*, 
an extract made by leaching the canaigre quickly with large amounts
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of water will contain less coloring matter and will be more suita­
ble for fair leathers, while slow leaching with smaller amounts of 
water will result in an extract containing more insolubles.
Red color also results from the action of air upon both roots 
and extract. Also, when roots are dried in bulk a very large loss 
in tannins is associated with the formation of a large amount of 
red insoluble matters. Light, also, causes a superficial redden­
ing of exposed surfaces.
Sugars.—The sugar of canaigre is almost entirely reducing in 
character. As high as 16.25 per cent has been observed in young 
roots. It composes a large part of the soltible non-tannins noted 
in Columns 9 and 13 of Table 11. These soluble non-tannins (solu­
ble in water but not absorbed by hide powder) are seen by the table 
to vary from 36*04 per cent in young roots (water-iree) to 10.46 
per cent in old ones.
This sugar, v/hich finally becomes part of the extract, plays 
an important role in the process of tanning. Its fermentation re­
sults in the formation of certain organic acids, chiefly acetic, 
which swell or "plump” raw hides and thus help to produce thick and 
heavy leathers.
Water alSo dissolves much of the nitrogenous and mineral con­
stituents. In one instance there were - -
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Ash N i t r o g e n .
1 n whole roots -  - -  - -  - - - -  - 3.2 - - - - -^1.02
In water extract - - -  - -  - - - - 2.10  - - - - -  .60
These substances do not seriously affect the quality of leath­
er but their extraction is of importance in connection with the use 
of extracted canaigre residues as fe r t i l iz e rs .
Insoluble Materials.-- After extracting canaigre with water, 
about 50 per cent, more or less, o f  the solids remain behind. This 
residue, or bagasse, contains the starch and woody fibre of the 
root, with portions of  the mineral ingredients, albuminoids, sugars 
and coloring matters.
Various uses may be surmised for  this'material, such as for 
stock-food, fuel, or f e r t i l iz e r .  There is l i t t l e  likelihood oi its 
use for stock-food, as in the case of beet chips, although analysis 
indicates a considerable quantity of presumably nourishing material.
An examination of the bagasse prepared by extracting the 
green sliced roots with warm water is stated in Table 111 in compar­
ison with an analysis of beet chips from the Nebraska Experiment.
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TABLE 111.
Food Analysis of Canaigre Bagasse.
"Composition of dry matter.
Ether extract - - - - 
Protein - - - - - ­
Nitrogen-free extract
Crude fibre
Ash
Canaigre Ba­
gasse from 1-3 
yr. old roots.
.71 % 
7.94 
76.98 
12.07 
2.28
Sugar
beet chip
.68^
9.45
62.62
22.40
4.85
Apparently the bagasse has the advantage o f beet chips in con- 
| taining more starch, etc. (nitrogen' free extract) and decidedly 
less crude fibre and ash. The material is , however, apparently un­
inviting, and o f doubtful u t i l i ty  for  feeding. The only portion of 
canaigre observed to be of food value is the base of the blossom 
stalk. This is agreeably sour and v/e have seen range cattle eating 
it with relish .
As a fuel, canaigre bagasse apparently has considerable value. 
Table IV states the heating and evaporative power of three samples 
in comparison with an average soft coal, and with mesquite wood, 
which is a leading fuel in the arid Southwest.
The comparison of fuel values is best made in the column of
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evaporative powers, which in each case means the number of pounds 
o f boil ing water which can be evaporated, theoretically , by one 
pound o f  dry fu el.
TABLE IV.
Fuel Value o f Canaigre Bagasse. $
.............. .........
Calculated to 
Calories per 
gram.
dry material. 
Evaporative 
powers.
Bagasse from 1 year roots - - - - 4826 8.99
»t »t 2 ” fl 4753 . 8.85
----« ~ ~ ?♦ 2-3 w fT - ~ - 4702 8.76
Average for  above - - - - - - - - - 4760 8.87
Average soft coal - - - - - - - - - 7000 13.00
Mesquite wood - - -  - -  - - - -  - 4332 8.10
#These fuel values were determined by Thompson’ s calorimeter, 
wit,h the usual corrections.
 ^ From U.S. 10th census report.
Compared with soft coal, canaigre bagasse therefore appears to 
be as 8.87 to 13.00 in evaporative power, or about two-thirds, 
while it is  even better than mesquite wood. It is customary in 
tanneries to burn spent tan-bark, but it is f ir s t  necessary to run 
it through a press in order to expel water and put it  in a suitable 
mechanical form for burning. Calculating on 50 per cent of the dry
matter as bagasse, an acre crop of ten tons of green canaigre 
(66 2/ 3^ water) would give 3333 pounds of combustible residue, e­
quivalent in heating power to something over a ton of ordinary soft 
coal. It is possible that in view of the costliness of fuel in the 
Southwest, the bagasse may be u tilized  in this way in the extract 
factories o f the future.
Probably an excellent use for canaigre waste is as a f e r t i l i ­
zer. When the wet bagasse is piled it  ferments vigorously, owing 
to its  starchy nature, and shortly rots down into a black mould, 
rich in organic matter, and containing part of the nitrogenous and 
mineral constituents which the crop removes from the so il .
The return of this material to land w ill partly make good the 
loss o f  these constituents, and also correct the deficiency of or­
ganic matter which is characteristic of arid region s o ils , thereby 
making t ham more retentive of water and of better t ilth . In order 
to find how much of the fe r t iliz in g  constituents were withdrawn from 
the roots by the process o f extraction, a large sample o f a two 
year old crop was sliced and extracted with pure water. The ex­
tract was then evaporated, burned, and the ash analyzed. It was 
found that in actual amount about two thirds of the potash, and four 
fifth s of both nitrogen and phosphoric acid were removed by water 
extraction, but the residual organic matter would, as before men­
tioned, constitute element o f value.
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THE RELATION OP CANAlGRE TO THE SOIL.
The nature of the drain made by canaigre upon the soil is in­
dicated in Table V. In order to gain an accurate idea of the draft 
made upon the so il  by roots of an age which would probably be most 
suitable for harvesting in practical culture, partial analyses were 
made of ash from four samples of young roots, 1 to 3 years old, and 
grown in different situations. The average results are stated in 
Table V in connection with those for  beets and are calculated to 
actual pounds of the various constituents per crop of ten tons of 
fresh roots.
TABLE V.
Composition of Canaigre Ash — Continued.
Canaigre; 
Average 
for 4 
crops of 
young 
roots 1 - 
3 yrs.old
Sugar : 
beets ;a v -: 
erage of : 
43 sam- :
p ies . :
•«t
m
9
9
Pounds of: 
const itu-*-: 
ents with* 
drawn by 
c rop of 
ten tons 
of cariai- 
: gre.
Same: for : 
:ten tons : 
hof sugar : 
beets. :
Dry matter in crop - - - 33.3 '19 .18  :: 6667 3836. :
Nitrogen in dry matter, 1.85 1.09 :: 123.3 41.8 :
Pure ash in dry matter - 4.13 4.04 :: 275.4 154.9 :
In pure ash:
Potash (K20) - - - - - - 40.89 49.28 112.7 76.4 :
Soda (Na20) - - - - - - - 3.71 7.67 10.2 11.9 :
Lime1 (CaO) - - - - - - - 11.06 7.07 30.5 11.0 :
Magnesia (MgO) - - - - - 11.34 8.07 31.2 12.5 :
Phosphoric acid (P2O5) - 13.27 14.95 36.6 23.2 :
Sulphuric acid (SO3) - - 8.50 5.84 23.4 9.0 :
Chlorine - - - - - - - - 7.78 4.83 21.4 7*5 •
Owing largely to the much greater percentage of dry matter in
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canaigre, the tax is heavier in every particular except that of 
soda. Ton fo>- ton, canaigre demands three tines as much nitrogen, 
and draws one and one half tines as heavily on potash and phosphor­
ic acid. In comparison with beets, and at current prices for fer­
t i l iz e r s , it  would cost about twice as much to make good the loss 
caused by canaigre.
These facts a ll indicate that the problem of fe rtiliza tion  in 
canaigre culture w ill be a serious one. This is especially true 
of nitrogen. It is possible that this drain nay be made good by 
rreen-manuring with nitrogen assimilating crops grown on the land 
during its idle summer interval.
METHOD OP ANALYSIS.— The perishable nature of tannins, the 
presence of starch, anhydrides, lignose and cellu lose in canaigre, 
and the errors due to the usual routine employed in estimating 
tanning materials, a ll make their correct determination in canaigre 
a matter of d ifficu lty .
Numerous experiments on the preparation of samples, the extrac­
tion of tanning materials, and the determination of the extracted 
tannings were undertaken in order to expose causes of error and 
arrive at a satisfactory method of procedure.
The topics for investigation included the manner of preparing 
samples, of extracting the tanning materials, and of determining 
tanning materials in the extract. The work in detail is  as follows:
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I. Preparation of Samples.
Exp. 1 .— To note the advantages of green or dry 
material for extraction.
Of two identical samples, one was dried, finely  ground, and 
extracted by digestion with water in usual way, the other was grat­
ed, and extracted green in same manner. The average gave - ­
In dried portions - - - -7.29 extractives.
In green portions - - - -7.33 "
In a second experiment where the digestion method of extrac­
tion was replaced by percolation the results ■were —
1 . 2 .
In dry material - - -  - -  - -  - -  56.98^ 56.46^ extractives
In green material - - - - - - -  - 54.88 - -54.32
It was noticed in the la tter experiment that the extraction 
was complete in the case of dry material much sooner than of green. 
The necessity, also, o f preserving samples makes it advisable to 
adopt this form of the material.
Exp. 2 .— To note the proper temperature o f drying sam­
ples.
Three samples of roots v.rere taken, thinly sliced , and each was 
divided into two lo ts . One lot o f each sample was dried quickly in 
an oven at 55°C. The duplicate portions, in order to exclude a ll 
possible e ffect o f  heat and air on tannins, were dried in a vacuum
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4desiccator at room temperature. There were found —
In portions dried at 55°C - - - - - - -  25.74/ tanning materials.
In portions dried in vacuo at ordinary temperature - 25.69/ tanning 
materials. Showing that it is admissible to dry the material in 
air at gentle heat.
The effect of higher temperatures was also observed. Three 
identical samples were thinly sliced  and dried under different con­
ditions. There were fou n d----
1. 2.
In sample dried at 50° C - - - - - 23.16/ - -25.07 tanning materials 
Dried 10 hours in air at 97° C - - 16.90 - -  17.13 
Dried 12 hours in hydrogen, 97° C - - - - - -17.30
Showing the disastrous effects of high temperature upon tan­
ning materials, due to the conversion of the latter into insoluble 
anhydrides.
Exp. 4 .--To note the e ffe c t  of different mechanical conditions 
o f  sanples during drying.
Identical sanples were dried in sliced  and massy forms. There 
were found —
For sample dried at 50° C - ------- - - - 25.07/ tanning materials.
For sample dried whole at room temperature 23.35/ "
For sample dried whole at steam heat 6 .62/ "
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Grated samples also appear to lose a small amount o f tanning 
materials due, possibly, to the increased amount o f surface exposed
by this method of preparation. No. 1. No. 2.
Sliced and dried at room temperature - - - - 23.86 - - 23.16 
Grated and dried - - -  - -  - -  - -  - -  - -  - 22.21 - - 21.90
In the latter case the loss seems appreciable, while by drying 
in bulk, more particularly at high temperatures, it  is conspicuous. 
It is not impossible that in Nature the red anhydrides of old roots 
are formed by the partial drying out of the root during the dry 
season.
Exp. 5 .—To note the fineness to which it  is  necessary to 
grind the sample for complete extraction.
Three samples coarsely ground, and containing some material 
more than l /4  m.m. in diameter, were divided and one portion o f 
each put through a 100 mesh sieve. There were obtained
In coarse material - - - 25.00$ - -25.54$ - -24.54$ tannings. 
In fine material - - - - 25.31 - -26.78 - -24.89 "
II. Methods of Extraction.— The usual methods for the ex­
traction o f tanning materials from substances containing them in­
volve the use o f water at or near the boiling point. This is  in­
admissible with canaigre because of the large amount o f  starch 
present. In water above 55°C the starch gelatinizes and dissolves, 
makes filtra tion  d ifficu lt  and reprecipitates tannins.
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Exp. 6 .— To note the e ffic ien cy  o f the digestion method 
for extraction at various temperatures and for d ifferent periods o f 
time. Prom among many experiments one series is selected which suf­
fices  to show the irregular nature of the results obtained by this 
method.
2 ! / 2 gms . d ig e s te d 5 h r s .  at 80°C , gave 2 5 .7 2 $  tan . m a te r ia ls
2 l / 2 »« " 9 l / 2  h r s ." 80OC, ti 23 .98 »f If
2 i / 2 it If 1 h r . " 80OC, it 24 .04 If It
2 1 /2 tf ft 1  ^ n 80OC, n 23 .34 If If
2 l / 2 it ft 3 " " 50OC, w 21 .70 If If
2 l / 2 tt If 6  "  " 50 o c , w 21 .20 If If
In a ll cases where the digestion was conducted at 80° C the 
filtra tes  were turbid with starch, and filtra tion  was d i f f ic u lt .
To further show the incompleteness of the extractions the in­
soluble residues from the above experiments were filtered  o ff , 
washed with cold water, and redigested in the same way. The second 
digestion gave -
Prom 2 l /2  gms. digested 1 1 /2  hrs. at 80°C,- - 2.86$ tannings.
Prom 2 1 /2  gms. digested 1 hr. at 80°C. - -4.50 M
— and many other cases to correspond.
These experiments show the inadequacy of the digestion method 
o f extraction, which, in default of anything better, is  in use by 
many analysts.
Exp. 7 .— It was observed that when an extract was f i l ­
tered through f i l t e r  paper, the f ir s t  filtra tes  contained less so i-
- 3 9 -
ids than the later ones.
Experimental extracts were filte red  through heavy syrup f i l t e r  
paper and successive portions o f 50 c .c . evaporated. The residues 
expressed in grams were 1. 2. 3. 4.
Original solution .1663 .2032 .2049 .2222
1 st.50c.c. o f o r ig .s o l . refil«1603 .1959 .1969 .2128
2nd.50c.c. ■ " • " . .2182
Another liquor was divided into two portions and one portion 
allowed to stand two hours in contact with 20 f i l t e r  papers.
Total solids in 50 c .c .  o f original solution - — .1663 gms.
Total solids in 50 c .c .  a fter digest, with paper .1012 "
Exp. 8 .— Three different methods were tried for avoid­
ing tho error of filte r in g  through paper. (1) By discarding the 
f ir s t  portions of the f ilt ra te s . (2) By using papers which had pre­
viously been soaked in a canaigre infusion. (3) By using an as­
bestos mat on a Hirschstrainer funnel.
It was found, 1 s t .- -  That even with prolonged filtra tio n  the 
papers s t i l l  absorbed solids. 2nd.--That tanned paper gave uncer­
tain results. 3rd.—That the asbestos mat gave a constant and 
satisfactory f ilt r a te .
In one representative experiment, An infusion of 5 gms. o f 
canaigre was made up to 500 c .c . and divided into two parts. The 
fir s t  part was filtered  through asbestos, the second through paper.
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Total solids in each 50 c .c .  w ere-----
Asbestos Mat. F ilter Paper.
1st. 50 c .c .  - - - - - - - .2007 ----- ---------  .1900
2nd. 50 c .c .  - - - - -----  .199 - - - - -  .1905
3rd. 50 c .c .  - - - - - -  - .2000 - - - - -  .1920
4th. 50 c .c .  ---  - - - - -  .1976 - - - - -  .1930
Average - - .1993 - - - - -  .1915
Amounting to an average error of 1.56^ on a l /2  gm. aliquot
against f i l t e r  paper. It has, however, been reported by W.H.Krug
in o f f ic ia l  methods of analyses for 1896 that even some kinds of
asbestos may take up tanning materials almost as e ffe ctiv e ly  as
hide powder. Consequently the asbestos employed should in a ll
cases be digested with Hcl to remove soluble oxides, and tested by
using in place of hide powder in an analysis.
Exp. 9 .— The absorption of solids by f i l t e r  paper in 
experiments 7 and 8, together with the irregularities noted in ex­
periment 6 suggested that the errors of the digestion method were 
due to re-combination of a portion of the tannins or other solids 
with the starch, cellu lose , albuminoids of other solids of the root.
To settle this question 2 1 /2  gms. of canaigre were percolated 
up to 250 c .c .  and the percolate divided into two portions. To one 
portion the percolated, residue was added, shaken up, and the liquor 
re filtered . Tanning materials were then estimated in both liquors
as usual. There were 1- 2.
In original percolate - - -  - -  - -  - -  - -  - 2 8 . 22.94/*>
A^te** treatment with percolated residue - - - 18.77 14.14
Loss - - - - - - - - - -  10.05 8.80
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This experiment shows conclusively that any method of extrac­
tion which allows continued contact of extracts and residues is 
defective. Therefore the method of extraction by percolation was 
next investigated.
Exp. 10.— Many percolation experiments were tried with
9
the result that this method was found to e ffe ct almost complete re­
moval of tanning materials. In one representative experiment three 
identical samples were variously treated as follow s, and the solids 
determined in 50 c .c .  aliquots of the f ilt ra te s .
Digested in 250 c .c .  o f cold water - - -.1972 .1991 solids.
Percolated with 250 c .c .  " " --------.2234 .2252
" " " water at 55°C. - - - .2435 . 2419
Additional percolates of the residues extracted at 55°G failed 
to give a qualitative test with gelatin solution, indicating that 
the extraction was complete.
Exp. 1 1 .-- To determine which one or ones of the proxi- 
mates of canaigre cause the loss of tanning materials by reabsorp­
tion.
Five grams of canaigre were percolated at 55°C up to 500 c .c . 
and the percolate divided into four parts. These aliquots were di­
gested over night respectively with one gram of bruisbd starch, 
with one gram of cellulose (shredded f i l t e r  paper), with a canaigre 
residue from which a ll starch had been removed by digestion with
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Hcl, and withcmt treatment. In a ll cases tanning materials and 
non-tannins were estimated in the filte red  solutions.
Tannings. Non-tannings.
In original solution - - -  - -  - -  - -  - -  - -  40/49^ 12.86^
Aliquot digested with 1 gm. starch, - - - - -  37.49 12.55
" " " 1  gm. cellulose - - 36.79 12.36
" " " extracted canaigre res. 35.06 12.67
This experiment was twice repeated with similar results.
Exp. 12.— A final comparison between the digestion and 
percolation methods o f extraction.
Tannings. Non-tannings.
Old roots by percolation. (40.58^ 12.72^)
. ( )
Old roots by digestion. (34.70 12.86 )
✓
Young roots by percolation. (31.98 16.12 )
( )
Young roots by digestion. (25.62 16.26 )
In order to test the completeness o f the extraction by percola­
tion the residues were ropeatedly boiled with successive portions of 
water and the oxidizable matter in solution determined by permanga­
nate. An amount corresponding to only .32 and .40 per cent of 
tannings was found.
In experiment 9 no fluctuation in the amount of nitrogen in 
the extract, before and after treatment with the canaigre residue 
was detected, indicating that the loss of tannings is not due to a
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slow recombination with albuminoids. Experiment 11 shows that the 
inaccuracies of the digestion method of extraction are due to a 
gradual recombination of tanning materials with ce llu lose , starch, 
and probably with other insolubles. The sugars and soluble albumi­
noids, reckoned as non-tannings, are equally well extracted by per­
colation and digestion and are not affected by the introduction of 
starch or cellulose into the solution.
The percolation method is also of additional value because it  
removes a large proportion of coloring matters from the roots, due 
to the fact that these anhydrides are soluble in the firs t  portion 
of the percolate which is strong in tannic acid. On dilution these 
anhydrides precipitate out and their amount may be determined by 
difference of total solids before and after filtra tio n .
tion of canaigre tannings.
A ±  4l /2  per cent solution was prepared and divided into 
four portions which were treated as follows, cooled, f ilte red , and 
each f ilt ra te  examined for tannings and non-tannings. Results as 
gms. in 50 c .c .  aliquots.
Exp. 13.— To determine the effect of heat upon a solu-
2. Boiled 11 hrs. in atmosphere of steam,
3. " 10 " " " hydrogen,
4. " 11 " " current of air - - -
1. Original liquor
Tannings. Non-tannings 
.1152 .0969
1, .0781 .0886
, .0381 .0927
- .0293 .0817
5. " 11 " " atmosphere of carbon
dioxide, 0946 .0927
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This great loss of tannings was in each case attended by forma­
tion of a red precipitate, soluble in alcohol, and in wqrm tannin 
solution—apparently anhydrides of tannic acid.
Exp.1 4 .-- To note the e ffect of fermentation upon canaigre 
infusion. A dilute infusion was divided, one part immediately es­
timated, the other set aside nine days. Fermentation was evident, 
a heavy precipitate of insolubles forming at the same time. Results 
in 50 c .c .
Tannings . Non- tannings.
Before fermentation - - - - - - - - - - -  .0956 .0828
After fermentation - - - - - - - - - - -  .0011 .0785
Showing the rapid loss of tannins by fermentation—more so 
even than o f sugars.
Estimation of Tannings in Solution .-- The routine for determin­
ing tannings in the prepared solutions by hide-powder was thoroughly 
examined as to the amount of liquor to be employed, manner of apply­
ing hide-powder, time and intensity of shaking, time of drying resi­
dues, and corrections to be applied for water in hide-powder.
Upon the preceding investigations is founded the following
METHOD OF ANALYSIS.
Preparation of Sample.-- The roots are weighed, thinly sliced, 
and dried in an air oven at 50°-60°C. The dry chips are ground, 
a 50 gm. aliquot powdered in a mortar and put through a 100 mosh
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sieve. The prepared sample shcmld not contain more than ten per 
cent of moisture because of the tendency to mould.
Extraction of Tanning M aterials.-- A medium sized Sohxlet's 
extractor or a small percolator is prepared by fittin g  it  with a 
disk of 100 mesh copper gauze upon which is supported a mat of 
prepared asbestos fe lt ,  covered with fine asbestos. (The asbestos 
fe lt  should be thoroughly digested with hydrochloric acid to remove 
soluble oxides.) Five grams of the sample are placed in the ex­
tractor, which is carried in a rubber stopper set in a socket in 
the bottom of a tin tank about 8 inches deep. The tank (which may 
be made about 6 x 15 inches x 6 inches deep for 8 extractions) is 
f i l le d  with water kept at 50o_55°C by a small Bunsen burner.
The top of the percolator is fitted  with a stopper and drop 
funnel from which water is allowed to percolate up to 500 c .c .  in 
about four hours. The completeness of the extraction is tested by 
taking 10 c .c .  of the last percolate, adding 5 c .c .  o f 2 per cent 
gelatin solution, and 5 c .c .  of saturated salt solution containing 
50 c .c . of sulphuric acid per l i t e r . I f  insoluble coloring matters 
are to be estimated and the percolate should be allowed to stand 
over night for their more complete precipitation.
DETERMINATION 0? TANNING MATERIALS. TOTAL SOLIDS.-- Shake 
thoroughly, and quickly take 50 c .c .  for evaporation.
Insoluble Coloring M atter.-- Filter the turbid percolate
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through a Hirsch strainer funnel containing a woolly asbestos mat 
covered with fine asbestos, thoroughly dried. Evaporate 50 c .c .  
and subtract residue from "total so lid s". The difference is "in­
soluble coloring matter".
TANNING MATERIALS AND NON-TANNINGS. PREPARATION OP HIDE-POW­
DER. --Weigh out 6 grams of hide-powder and wash in mi lk-shaker with 
three successive portions of water, 100 c .c .  each time, and for 
five minutes each time. After each shaking squeeze out the water 
on a linen f i l t e r  supported in a cup made of perforated tin , and o f 
a shape suitable to set in a strong glass funnel. A plunger with 
weight and lever or a porcelain pestle may be used to squeeze out 
the water. The moist, washed hide-powder is weighed in a covered 
dish just before using. The washed powder should not yield more 
than .010 grams of soluble matter in blank analysis.
Analysis.— 85 c . c .  o f the f ilt ra te  from the Hirsch funnel is 
shaken three times, seven minutes each time, with successive thirds 
of the prepared hide-powder. After each shaking the liquid is 
strained and squeezed through linen as in gashing the hide-powder. 
After the last shaking and squeezing the liquor is filte red  through 
heavy paper and 50 c .c .  evaporated for non-tannings. Dry a l l  re s i­
dues at 100°C. 4-5 hours to constant weight.
Prom the non-tanning residue subtract soluble matter in the 
washed hide-powder, correct for dilution by water in washed hide­
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pov/der, and subtract the corrected non-tannings from the tota l 
solids in the filtra te  from the Hirsch funnel. The difference is 
stated as tanning materials.
Moisture is determined by a current of hydrogen at the temper­
ature of boiling water. Results are calculated to a ir dry or green 
material.
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TECHNOLOGY OF CANA1GRE.
Agriculture.— The most important commercial problem in con­
nection with canaigre at the present time is that of its  successful 
agriculture. Upon this depends the permanence of supply, and, pos­
sib ly , the reduction of price a lso, which shall lead to a general 
adoption of canaigre by the tanning trade.
In Florida, Texas, New Mexico, Arizona and Southern California 
agricultural work on an extensive scale has been begun, but as yet 
comparatively l i t t le  is known as to actual yield . R. J. Kerr, o f 
Hockley, Texas, states that he has taken ten tons of one yea!* old 
roots from a measured acre. In two plot experiments undertaken by 
the writer the yield was at a much, less rate. These plots were 
adversely situated as to the s o il , which is underlaid by "ca lich i" 
limestone at about 18 inches and contains only .04 per cent of n i­
trogen. One plot was unfertilized, the other was treated with 
barnyard manure dug into the irrigation trenches at the time of 
planting. The plants were one foot apart in rows three feet apart. 
The rates per acre were as follows:
Wt. of seed 
roots when 
planted.
Increase of 
seed roots dur 
ing year.
Wt. of new roots 
at end of season
Fertilized plot - - 1130 lbs. 930 lbs. 8220 lbs.
Unfertilized plot - 1110 630 5820
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— or a new crop of 9150 and 6450 lbs. per acre respectively. 
These figures do not reliably inform us as to the yield on a large 
scale and under favorable conditions.
The plant may be propogated by seeds, by growing dprouts, by 
buds from the occasional fleshy rootstocks, and by young roots.
The seed is commonly very in fe r t ile , particularly after a dry 
season. Seed of good quality may, however, be obtained. In one 
sample produced by the writer from two large transplanted wild roots 
58 per cent grew. This shows fir s t  rate p oss ib ilit ie s  since in one 
random instance it  is notitred that high-grade beet seed was only 
seventy-dix per cent fe r t i le .  Seeds produce bjit one root the f ir s t  
season so that there would be a delay of one year in a crop started 
from them.
The sprouts a lso, as f ir s t  observed by Dr. N.H.Claflin, of 
Phoenix, Arizona, when "broken o ff  close to the root and set as are 
cabbage plants and sweet-potatoes" make an excellent growth, produc­
ing numerous roots which start a ll  along the underground part of the' 
stem. Similarly, the jointed, fleshy rootstock ascending from deep­
ly buried roots may be planted and a plant obtained from each bud.
Propogation from iroot-stocks, sprouts and seeds, is not likely  
to prove agriculturally important at present, but in the future 
these methods may be used in developing more valuable strains of 
roots .
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Seeding is best accomplished by means of roots. About 1100 
pounds o f  1 ounce roots planted at 1 foot intervals in rows 2 1/2 
feet apart are su fficient for an acre. Cultivated roots, because 
of their more uniform age and quality are to be preferred for plant­
ing to wild stock which has been observed in some cases to give an 
irregular stand. The best age for seed roots is not yet certain. 
Very old roots,even though yet liv ing , are often exceedingly slow 
to start. One year old roots are quickest to grow, and are smaller 
and more economical to handle. Plots planted with two year old 
roots seem, however, to make a stronger growth than younger roots. 
The comparative yield has not yet been observed.
Roots may be dug and planted at any time of year, but when they 
are interrupted during their season's growth they of course make no 
considerable crop the same year. As far as is at present known, the 
deed roots should be dug at the end of the growing season and plant­
ed (in Arizona) during July and August. The method o f planting fo l ­
lowed at the Tucson Station has been to lay o f f  the rows 2 1 /2  feet 
apart with a marker on the deeply plowed and well leveled fie ld , 
drop the roots 10 inches apart on the mark, and cover right and le ft  
about 5 inches deep with a single plow. On a large scale various 
machine planters have been successfully used in Arizona, Texas and 
California.
After planting it is believed to be advisable to irrigate the
-51-
roots once or twice during the summer months. This is  due to the
I -
fact noted in Table 1 that the sinrner rains cause the seed roots to 
sprout s ligh tly  and leaves them ready for immediate growth upon the 
advent of cool weather. During the growing season p len tifu l i r r i ­
gation is probably advisable, since this stimulates growth, and, on 
present evidence does not lessen the amount of tanning materials.
The growing season is also lengthened since well watered plants do 
not die back so quickly on the advent of hot weather.
During the f ir s t  year after planting, the seed roots increase 
greatly in size (two or three times), and produce a crop o f new 
roots averaging about six to each plant (average of 300 observa­
tion s), although as many as thirteen have been noticed. During the 
second year, the old roots continue to increase in weight, the first 
crop of new roots becomes larger, and a second crop of new roots is 
developed.
Plates I and II show the plant at the end of the f ir s t  and 
second season's growth. The much larger mass of roots in Plate 11 
suggests the question of annual versus biennial harvest of the crop. 
This and other agricultural details are as yet unsettled and are 
at present the subject of experiment at Tucson, Arizona.
Certain peculiarities o f canaigre seem to favor its agricul­
tural fu tu r e ----
1. It grows in winter when water is more abundant in the arid
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regions.
2. The winter climate does not favor the growth of weeds, and 
labor is  at that time more comfortable and e ffe c tiv e .
3. In case o f  extreme drouth the root is  not k illed  but the 
top dies back and grows again under better conditions.
4. Harvesting may occur at any time, the mature crop remaining 
in the ground indefin itely without injury.
5. The seed roots are not lost but improve with time.
As to the value of the crop, the objective point under existing 
conditions is a product which can be sold at from five  to seven dol­
lars a green ton. Estimating the cost of producing a biennial crop 
on a large scale at about $26.00 an acre, and requiring a profit of 
$25.00 an acre each year, i t  would be necessary to produce a bien­
nial crop o f about 12 l /2  tons at $6.00 a ton. Such a y ield  has not 
as yet been demonstrated, but on the evidence at hand seems fa irly  
probable.
Extract manufacture.-- The present demand for canaigre is  sup­
plied by the wild root, partly in the form of dried slices or chips; 
partly as extract. The extract is mostly consumed in this country 
while the chips are largely used in Europe. The manufacture of ex­
tract w ill probably be a feature of the new industry, the object 
being to economize freights and put the product in convenient form 
for handling and keeping.
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Owing to the destructible nature o f the tannins, any process of 
extraction implies careful provision against the action of heat and 
a ir. A soft pure water supply for leaching the roots is also essen­
t ia l  since the presence of sediments, peaty matters, and certain 
mineral sa lts, especially  chlorides and iron compounds, is  objec­
tionable. Lime or magnesia hardness also combines with tannins to 
insoluble form.
The method of extraction pursued at Mr. C.B.A lla ire ’ s factory 
at Darning, New Mexico, as observed by the writer is as follow s: —
The roots are put into a 10 x 15 inch hopper contracting to a 
narrow delivery about 3 x 10 inches, below which there is an iron 
cylinder about 6 inches in diameter with several rows of chisels 
held by screws tangent to the circumference. The rows of chisels 
are three inches apart and set so as to cut the roots into very 
thin and narrow shavings.
The sliced  material is next carried by tram cars and f i l le d  in­
to the leaches. These leaches are strongly iron bound circular wood 
en tanks 16 feet high and 16 feet across, with tops le ft  open. A 
perforated false bottom, 18 inches above the flo o r  of the tanks, 
leaves a clear pan from which to pump the extract. By means of pip­
ing the leaches may be connected in batteries of any required number 
The charged leach is next f i l le d  with water, warmed to 110CF. 
in a steam c o il  heater, and delivered by a sprinkling arrangement
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over the material. There is also a co il between the flo o r  and false 
bottom of the leach which maintains the moving liquors at the desir­
ed temperature. The leach is f i l le d  with warm water which, descend­
ing, is pumped from the reservoir at the bottom to the top of the 
second leach, and so on, the liquor becoming constantly stronger as 
it passes through the battery o f, usually, about eight leaches.
The liquor thus obtained from the last or head leach has a 
strength of about 22° Twaddle ( l . l l s . g . )  and goes immediately to 
the storage vat which feeds the vacuum pans. .
The f ir s t  leach, which yields nothing more to water at 110°P., 
is next heated up as much as possible by steam c o ils  (to about 160° 
P.) and the resulting liquor (o f about 2°TwaddleJ is run into a set­
tling tank to be freed from the starch which has been dissolved at 
the higher temperature. This is done by f ir s t  mixing the liquor 
with a soap made from rosin and soda ash which entangles the starch, 
Crude barium chloride is next added to precipitate the soda ash and 
the excess o f barium chloride is precipitated with alum. The heavy 
precipitates of barium sulphate and carbonate carry the starchy ma­
teria ls to the bottom of the tank and the clear liquor is used for 
the extraction of another leach.
The 22° liquor is pumped d irectly  from the storage vat into the 
two tr ip le -e ffe c t  copper vacuum pans, each with a boiling off capac­
ity of about 2 barrels an hour. Each pan is heated by two steam
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c o ils , and is equipped with vacuum connections, manometer and ther­
mometer, a cup for admitting o il to prevent frothing, a cup for sam­
pling the extract, connection with the storage tank, a water leg and 
spray for condensing the d is t illa te , and an outlet pipe for the 
product of the pan.
The liquors are concentrated at a temperature o f 112°F. to a 
strength of 45° Twaddle. They are then delivered into a horizontal 
cylindrical vacuum tank with a revolving axis which carries a spiral 
forwarding arrangement of paddles. The concentrated extract, pass­
ing through this tank, .is  agitated by the paddles in vacuo and f i ­
nally brought down to about 20 per cent of water, which allows it 
to so lid ify  when coo l. It is then drawn o ff  into rough boxes lined 
with paper and is ready for market.
The average quality of commercial extract, as well as the 
adverse effect of heat and a ir , is shown in the following table.
T A B L E  V 1 1 .
Effect of Heat and Air on Canaigre Extract.
No. I .
Normal exj 
tra ct.
— — * 
No. 2
Overheated ex­
t rac t .
Water - - - - -  _ _ _ _  
Tanning materials - - - - 
Non-tannins so l.in  water 
Insolubles - - - - —  - 
Totals - - - -
20.00$
49.94
28.11
2.02
20 . 007o
46.06
27.22
7.04
Loss 3.88$ 
Gain 5.02$
100.07 100.32
Ash in extract - ------------
Sugar in extract - - - - 
Starch - - - - — - -
4.70
11.89 
none
— — — . — —
14.98
none
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Aside from the transformation of the tanning materials into 
insolubles by means of heat, and the absence of starch* the amount 
of sugar is interesting.For every 100 parts of tanning materials, 
these samples average 28 parts of sugars or acid forming substances. 
In this respect canaigre extract is very rich , even approaching f ir -  
bark extract, which is said to average about 32 parts of sugars to 
100 parts of tanning materials, and which is distinguished for its 
"plumping " qualities.
The quality of the finished product depends upon two things,- -  
the ago of the roots and the details of manufacture. As previously 
noted, young roots contain but l i t t l e  coloring matter and conse­
quently produce a very light extract.
Owing to the system of leaching employed, in which liquors con­
taining tannic acid are employed for leaching fresh material, -he 
red anhydrides of old roots are largely dissolved and reappear in 
the extract, which is usually considered less desirable on this ac­
count. Cultivated canaigre therefore promises material advantages 
over the wild crop.
In manufacturing extract, the above described method of leach­
ing and vacuum evaporation successfully avoids the injurious effects 
of heat and a ir, and the product closely represents the original 
materials of the root used.
The cost of manufacture is lower than in the case of beet su-
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gar, because of the less expensive machinery required and the fact 
that the product does not need to undergo the elaborate purification 
necessary with sugar.
Applications in Tanning.-- For several years past, numerous ex­
periments by tanners and tanning chemists have resulted in determin­
ing the kinds and qualities of leathers which may be produced by 
canaigre. The writer has been to some pains to obtain the verdict 
of practicing tanners as to the range of uses to which canaigre may 
be put, and learns from various sources that it has been successful­
ly  employed, either alone or in connection with other materials, for 
the production of a remarkable variety of leathers, including both 
heavier and lighter grades. According to the statements of d if fe r ­
ent tanners it is employed in the production of superior patent 
leather for shoes, carriages, and upholstery; carriage covers and 
dash board leather; uppers, grains,and similar light dressing leather 
waxed leather; yellow leather for mittens; Kangaroo, glazed, kid and 
other fine shoe leathers; and the heaviest sole and harness leather.
The application o f canaigre to such a variety o f results is duo 
to various crauses such as the peculiar nature of the union between 
the hide and the tannins, the e ffect of co lor , and that of sugar. 
With proper management these factors may be so controlled as to pro­
duce one or another result. Some special qualities which are stated 
to result from its use are, permanence and speed of tannage; excel­
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lent wearing or strain resisting qualities in light leathers; great 
strength in sp lit  leathers; fa ir co lor ; and a plump stock which 
f i l l s  well after changing into other tanning liquors.
Starch is found troublesome by certain tanners who use the 
chips. This is doubtless due to the use of hot water in leaching. A 
proper system of leaching should do away with a ll d ifficu lty  in thi; 
respect. Red color is also objected to by some tanners, but others 
state that they obtain good results with i t .  In the case of patent 
and enamelled leathers, which are submitted to special finishing 
processes, color does not a ffect the result, but with light leath­
ers the tint produced may not in some cases be su ffic ien tly  fa ir .
The large amount of sugars present in canaigre liquors makes 
it necessary to exercise peculiar care in guarding against disas­
trous fermentation. This may be controlled by antiseptics or tan- 
sweeteners, and by steaming, and when kept within lim its causes the 
"plumping" which is essential to the production of thick leathers. 
This is due to the action o f acetic acid, formed through fermenta­
tion , in separating the fibres of the hide, which is thereby fitted  
to take on weight in the later stages of tanning.
The annexed samples fa irly  illustrate the variety of leathers 
which can be produced. Nos. 1 and 2, patent leathers, are oi spe­
cia l interest because of their high quality. It is an important 
fact that canaigre thickens and f i l l s  in the grain of leather to an
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unusual degree. From this thickened grain a thin sheet can be split 
o ff  suitable for patent tipping, but s t i l l  leaving enough grain be­
low to take a patent surface. Thus two sheets of patent leather 
can be made from one skin, — a very profitable circumstance.
Nos. 6, 7 and 8 show the e ffect of canaigre color. The shades 
shown are very suitable for linings and for certain styles of tan 
shoes. No. 8 is not a high quality o f  sole leather, being rather 
p liable . For sole leather it is stated that canaigre is best used 
in connection with oak. The canaigre strikes the color and plumps 
the hide while the oak f i l l s  to a fin ish . No. 9 is not a good sam­
ple o f  harness leather. It is not su fficiently  pliable and seems 
not to be well tanned.
These samples show what has been done with canaigre as the 
result of about six years experience of the trade with i t .  Further 
e ffort w ill doubtless improve upon an already excellent class of 
products and it  is hoped w ill establish a demand which w ill lead 
to the agriculture of canaigre on an extensive scale.
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